America in the HVAC&R industry, non-SI units are so widely used instead of SI units that it is more practical and less confusing to include measurement values in customary units followed by SI units.
TABLES

CONCEPT OF THE LINEAR-FIT-BASED RATING PROCEDURE
A given single-speed, split system outdoor unit (consisting of a condenser, compressor, associated tubing, and, for heat pumps, a heating mode expansion device) can be installed with one of several different indoor units (consisting of the indoor coil, indoor fan, and expansion device). For each split system combination, the consumer is provided performance information -including the Seasonal Energy Efficiency Ratio (SEER) and the cooling capacity at the 95 °F (35 °C) rating point, Q(95). Federal regulations require that the SEER rating for each model of outdoor section, when installed with its highest sales volume indoor section, be obtained from laboratory tests of the complete system (CFR 2006a) . This tested highest sales volume combination is referred to here as the matched system. For all other combinations of indoor units with the same outdoor unit, the system ratings may be obtained by conducting the same set of laboratory tests or, in lieu of conducting system testing, by using a DOE approved methodology called an alternative rating method (ARM). Untested combinations whose ratings are determined using an ARM are called mixed systems. Mixed systems may be created using indoor units and outdoor units provided by the same manufacturerreferred to as the system or original equipment manufacturer (OEM) -or created by using a third party indoor coil from an independent coil manufacturer (ICM).
One of the more commonly used ARM's for rating mixed systems relies upon the publicly available Q(95) and SEER of the tested matched system (e.g., Domanski 1989) . This (and other) ARM's require the rater to determine the cooling capacity of the matched system indoor coil. For an independent coil manufacturer, this requirement can be a major hurdle because of limits on the availability of specification data on the matched indoor coil and, if used, the accuracy of capacity prediction algorithms or computer simulation models. Any error in the matched indoor coil capacity propagates to affect the error in the mixed system SEER and Q(95) ratings. Consequently, an alternative rating method that does not include this step -such as the linear-fit-based method (L-F Method) -has the inherent potential of providing more accurate ratings. Figure 1 shows the application of the L-F Method in graphical form for the cooling mode. This method uses a linear fit of the mixed indoor coil cooling capacity as a function of the evaporator exit refrigerant saturation temperature when the coil is subjected to standard operating conditions. The method also uses linear fits of cooling capacity and power consumption of the outdoor/condensing (CD) unit as a function of evaporator exit refrigerant saturation temperature when operated at the standard test conditions associated with the A Test of the DOE air conditioner and heat pump test procedure. The suction refrigerant saturation temperature for these fits is evaluated based on the pressure at the exit of the evaporator, or comparably, the inlet to the compressor. The CD unit cooling capacity and power consumption linear fits are depicted in Figure 1 as q(95) and p(95) (A Test). Overlaying the indoor unit (evaporator) and CD Unit capacity line yields an intersection point that indicates the mixed system capacity (without indoor fan contributions) at the A Test conditions (95 ºF, 35.0 ºC). By projecting the refrigerant saturation temperature that corresponds to the A Test capacity onto the CD Unit power consumption plot, the power requirement for the CD Unit at the 95 ºF (35 ºC) rating point is determined. Although Figure 1 is convenient for explaining the L-F Method, this method is best implemented numerically using a computer. The rating process explained above does not account for indoor fan power. To finalize the rating of the mixed system, heat from the indoor fan must be included, thus reducing the cooling capacity, q(95) , obtained from overlaying the capacity lines of the CD Unit and mixed evaporator. The result is the actual mixed system capacity, Q(95). Also, the indoor fan power must be added to the CD Unit power to produce the total power for the system, P(95). The energy efficiency ratio at the A Test rating point, EER(95), can then be calculated.
Condensing Unit
(95) EER(95) P Q = To conclude with the SEER calculation of the mixed system, a value of expansion device correction factor for the mixed system is required. The expansion device correction factor must be obtained from a separate analysis.
PURPOSE
The purpose of this report is to establish the method for determining the cooling performance ratings of air-source unitary split system air conditioners and heat pumps consisting of an outdoor section and an indoor section that were not tested together as a complete system. The quantities calculated in this document are the cooling capacity at the A Test conditions and the SEER as prescribed by the U. 
SCOPE
This procedure applies to split system residential air-source unitary air conditioners and heat pumps. The outdoor section is characterized by a single-speed compressor with single-phase, electric power usage. The A Test cooling capacity of the highest sales volume combination used in obtaining the ratings of the mixed system shall be less than 65 000 Btu/h (19 050 W). This procedure does not apply to systems employing multispeed compressors or using a load following control strategy (e.g., cylinder unloading, hot-gas bypass). Matched Coil: an indoor coil which is part of the matched system.
DEFINITIONS
Matched System: a unitary system which has been tested and rated in accordance with federal regulations.
Mixed Coil: an indoor coil which is part of the mixed system.
Mixed System: a unitary system which is not tested as a complete system in accordance with federal regulations but instead has its SEER and rated cooling capacity determined using a DOE-approved alternative rating method.
Outdoor Section: an assembly of components designed to compress and/or liquefy a specific refrigerant and located in the exterior/outdoor environment. It consists of at least a refrigerant vapor compressor, refrigerant-to-air heat exchanger, motorized fan, refrigerant vapor and liquid lines, and other standard components.
Shall: where "shall" or "shall not" are used for a specified provision, that provision is mandatory if compliance with the procedure is claimed. Should, Recommended, or It Is Recommended: "should", "recommended", or "it is recommended" are used to indicate provisions which are not mandatory but which are desirable as good practice.
PROCEDURE FOR RATING A MIXED SYSTEM
General
Below are the basic steps required when rating a mixed air conditioner using the L-F Method.
Obtain data for the matched system: SEER, Q(95), and the following information on the matched system indoor unit -type of expansion device, whether using a liquid line solenoid, whether equipped with an indoor fan delay. If the evaporator is a blower coil, the rater should obtain the power draw of the indoor fan when providing the rated Q(95) Obtain or develop data for the outdoor section (condensing unit) o Outdoor section capacity linear fit at the A Test conditions as a function of the evaporator exit refrigerant saturation temperature o Outdoor section power linear fit at the A Test conditions as a function of the evaporator exit refrigerant saturation temperature Obtain or develop data for the mixed indoor section o Indoor coil capacity linear fit as a function of the evaporator exit refrigerant saturation temperature at indoor air conditions of 80.0 ºF (26.7 ºC) dry-bulb/ 67.0 ºF (19.4 ºC) wet-bulb temperatures o Indoor fan power Determine the expansion device and fan delay correction factor for the mixed system Perform rating calculations These steps are detailed in the following sections.
Mixed Indoor Section Data
Correlation for indoor coil capacity
The correlation for indoor coil capacity shall have the following form:
where q coil -indoor coil cooling capacity at 80.0 ºF (26.7 ºC) dry-bulb/67.0 ºF (19.4 ºC) wet-bulb air temperature and at a manufacturer-specified air volume rate, without indoor fan heat, Btu/h (W) C coil -linear intercept, Btu/h (W) D coil -linear slope, Btu/(h ºF) (W/ºC) T evap -refrigerant saturation temperature at the evaporator exit, ºF (ºC) Equation 4.1 shall be determined using capacities from laboratory tests, or in lieu of laboratory tests, from simulations using a validated simulation model, or from a combination of experimental and simulation results. The same refrigerant shall be used to rate the mixed system and the matched system.
Determination of Equation 4.1 coefficients using laboratory test data
The constants in Equation 4.1 shall be determined by fitting the measured coil cooling capacities and exit refrigerant saturation temperatures using the least-squares method.
The indoor coil tests shall be carried out in accordance with the procedures set forth in ASHRAE Standard 33 and indoor air conditions corresponding to the A and B Tests. The following parameters shall be controlled within the specified ranges:
The airflow shall match the intended coil application. The volumetric air flow shall not exceed 450 scfm/ton (217.4 m 3 /kW) and, for coil-only indoor units, the maximum static air pressure drop measured across the coil may not exceed 0.30 in H 2 O gage (75.0 Pa gage). The refrigerant entering the expansion device shall be liquid at a temperature normally seen with condensing units with which the mixed indoor coil would be paired, with a minimum of 7.5 ºF (4.2 ºC) subcooling. The liquid temperature used for a particular linear fit shall not vary more than ± 5.0 ºF (± 2.8 ºC) from the average value for all experimental data used to generate the linear fit. The refrigerant superheat at the evaporator exit shall be 10.0 ºF ± 5.0 ºF (5.0 ºC ± 2.8 ºC).
The tests shall be performed at different evaporator exit refrigerant saturation temperatures to cover the expected saturation temperature range of the mixed system, which typically neither extends below 40.0 ºF (4.4 ºC) nor exceeds 52.0 ºF (11.1 ºC). It is recommended that the range of evaporator refrigerant saturation temperatures for which the linear fit may be applied and the percentage uncertainty of the capacity (±x %) be reported along with the coefficients developed for Equation 4.1. Appendix C presents an example uncertainty calculation that may aid in the development of percentage uncertainties.
Determination of Equation 4.1 coefficients using analytical predictions of coil cooling capacity
The constants in Equation 4.1 shall be determined by fitting a line to the predicted coil cooling capacities for at least two different evaporator exit refrigerant saturation temperatures.
Airflow and temperature parameters shall be as specified above in Section 4.2.1.1. All simulations shall be performed with a validated simulation tool. Refer to Section 4.7 for simulation tool validation requirements.
Indoor fan power and heat
If a fan is used with the mixed indoor section, its electrical power shall be measured with an uncertainty of ±1 % (for a single measurement). If a fan is not included with the indoor coil, the default indoor fan power shall be calculated by the following equation: .4 coefficients shall be determined using capacities from laboratory tests, from simulations using a validated simulation model, or from a combination of experimental and simulation results. At least one of the data points shall be from the laboratory data utilizing the HSVTC system.
Determination of Equation 4.4 coefficients using laboratory test data
The constants in Equation 4.4 shall be determined by fitting the measured outdoor section cooling capacities and evaporator exit refrigerant saturation temperatures using the least-squares method.
The test conditions shall be those specified for the DOE A Test (CFR 2006a , ARI 2006 . The pressure used to calculate T evap shall be the measured or simulated refrigerant pressure at the outlet of the evaporator. Simulations shall use the method presented in ASHRAE 2002 to predict the refrigerant pressure drop in the suction line from the evaporator outlet to the compressor inlet if this is needed to determine the evaporator exit refrigerant saturation pressure.
The tests shall be performed at different evaporator exit refrigerant saturation temperatures, which typically do not extend below 40.0 ºF (4.4 ºC) and do not exceed 52.0 ºF (11.1 ºC).
The following information shall be reported for Equation 4.4 in addition to the linear slope and intercept coefficients:
The average liquid line temperature for the q(95) linear fit
The type of cooling mode expansion device used (non-bleed TXV, bleed-type TXV, electronic expansion device, capillary tube, or short tube)
It is also recommended that the range of refrigerant evaporator temperatures for which the linear fit is applicable along with the linear fit percentage uncertainty (±x %) be reported.
Determination of Equation 4.4 coefficients using a combination of experimental data and analytical predictions
This rating procedure allows using a combination of experimental data and analytical methods for determination of Equation 4.4 coefficients provided that the performance predictions will be equivalent to those obtained when steps described in sections 4.3.1.1 are followed.
One example of combining laboratory test and simulation results may be using an experiment to obtain outdoor section performance at a small range of evaporator exit refrigerant saturation temperatures, and extrapolating these data to a wider range of saturation temperatures with a simulation model. All quantities reported in Section 4.3.1.1 shall still be reported if this technique is used.
All simulations shall be performed with a validated simulation tool. Refer to Section 4.7 for simulation tool validation requirements. Outdoor section power shall be measured with an uncertainty not to exceed ±1 % (for a single measurement). As noted previously, at least one of the data points shall be per the tested values of the HSVTC system. Power shall be the total power of the matched system excluding indoor fan power. This includes the compressor, outdoor fan, controls, and other ancillary equipment normally associated with the outdoor unit. Power measurements shall be taken concurrently with the laboratory measurements used to obtain cooling capacity data.
It is recommended that the percentage uncertainty of the condensing unit power (±x %) be reported along with the coefficients developed for Equation 4.5. The evaporator exit refrigerant saturation temperature range shall be the same as that reported for the q(95) linear fit.
Determination of Equation 4
.5 coefficients using a combination of experimental data and analytical predictions
The constants in Equation 4.5 shall be determined from a linear fit of predicted outdoor unit power at different evaporator exit refrigerant saturation temperatures. At least one of the data points shall be per the tested values of the HSVTC system. All quantities reported in Section 4.3.2.1 shall still be reported if this method is used. The resulting equation must be adjusted to pass through the HSVTC tested value as noted at the beginning of Section 4.3.
The simulation tool shall be validated against experimental data obtained during the tests used to validate predictions of cooling capacity described in section 4.3.1.2. The validation shall demonstrate that the simulation tool can predict the outdoor section power and EER at the A Test conditions. Refer to Section 4.7 for general simulation tool validation requirements.
Expansion Device and Fan Delay Correction Factor, F exp
The value of the expansion device/fan delay correction factor for the mixed system shall be selected using the procedure described below.
First, determine the mixed and matched system category from Table 1 (either A, B1, B2, or C). Then, determine the F exp value using the system categories in Table 2 (Dougherty 2004). The rating procedure shall not be used for any system if the matched system has a TXV and the mixed system has either a capillary tube or a short tube expansion device, unless the condensing unit manufacturer also certifies a system in which the TXV is replaced by a capillary/short tube. If this is the case, the manufacturer's condensing unit system with the capillary/short tube may be considered as the matched system and its performance data used to calculate the performance of the mixed system.
The rater shall specify the mixed system capillary/short tube if this is the expansion device for the mixed system. If the mixed system capacity is similar to that of the matched system, specifying the same capillary/short tube as used in the matched system may be adequate. If the mixed and matched system capacities differ markedly, a validated engineering analysis, accounting for the different evaporator refrigerant pressures, shall be used to specify the mixed system capillary/short tube.
Calculations
Rated cooling capacity at A Test conditions, Q mixed (95)
The indoor section cooling capacity must be corrected to the same refrigerant liquid temperature and evaporator exit refrigerant superheat for which the matched system capacity and power linear fits were generated. The corrections cannot be used for superheats lower than 5.0 ºF (2.8 ºC); therefore, if the matched condensing unit superheat was below 5.0 ºF (2.8 ºC), the correction values for a superheat of 5.0 ºF (2.8 ºC) shall be used.
If the matched condensing unit evaporator exit refrigerant superheat is not known then the rater shall assume the following; if a TXV was used as the expansion device, the q(95) linear fit average evaporator exit superheat shall be assumed to be 10.0 °F (5.6 °C). If a short tube was used as the expansion device, evaporator exit superheat shall be assumed to be 5.0 °F (2.8 °C).
Step 1 where: T liq,CD -refrigerant liquid temperature as listed for the outdoor section at the A Test conditions (ºF) T suph,CD -refrigerant superheat at the evaporator exit as listed for the outdoor section at the A Test conditions (ºF) T liq,Coil -refrigerant liquid temperature used during the generation of the linear fit for the indoor coil (ºF) T suph,Coil -refrigerant superheat at the evaporator exit used during the generation of the linear fit for the indoor coil (ºF)
Step 2: Estimate the evaporator refrigerant saturation temperature at the A Test conditions, T evap (95)
Step 3: Improve the estimate of the correction for indoor section capacity equation, ε 2cor Step 4: Calculate evaporator refrigerant saturation temperature at the A Test conditions, T evap (95)
Step 5: Calculate mixed system capacity at the A Test conditions, Q mixed (95) Q mixed (95) = q CD (95) 
Rating Values
The rater is responsible for all ratings obtained when using this procedure. The calculated ratings are strongly influenced by the input data, and particularly, by the goodness of the power and capacity linear fits (Payne and Domanski 2005) . Therefore, the rater shall establish the acceptability of the input data, including all linear fits, before these data are used for ratings.
Reported cooling capacity at the A Test Conditions (Q mixed (95))
The rated cooling capacity Q mixed (95) shall be expressed in Btu/h (W) in multiples of the quantities listed in Table 3 . 
Restrictions
If the rating is calculated for a heat pump system able to operate in the heating mode, the following two conditions should be satisfied (Domanski 1989 ): 1) The internal volume of the mixed indoor coil assembly should be within 100 % to 120 % of the internal volume of the matched coil or should not exceed the volume of the largest coil certified with a given condensing unit by the condensing unit manufacturer, whichever is larger. 2) Condensing capacity of the mixed coil should be within 100 % to 120 % of the capacity of the matched coil, or should not exceed the capacity of the largest certified coil, whichever is larger.
Verification of simulation tools requires that the method predicts capacity (A Test) within 5 % of the measured values for systems having the smallest and largest indoor units for which the verification tool will be applied. For example, if a manufacturer produces a coil family having capacities ranging from 12 000 Btu/h (3516.9 W) to 28 000 Btu/h (8206.0 W) and uses a simulation tool to predict the capacities, the simulation tool must be within 5 % agreement with the test values of the smallest capacity coil and largest capacity coil.
A coil simulation model shall be able to account for coil design variations such as tube diameter, tube pitch, depth pitch, heat transfer surfaces on the refrigerant and air sides, etc., and it should be validated for each coil family. For the purpose of this rating procedure, a coil family is a group of coils with the same basic design features that affect the heat exchanger performance (i.e. A-shape, V-shape, slanted or flat top, heat exchanger surfaces, tube sizes, construction material, see CFR 2006c).
The same validation approach, as explained above for capacity, shall be applied to power prediction tools. 
APPENDIX B. REFERENCES -INFORMATIVE
APPENDIX C. UNCERTAINTY OF THE MIXED SYSTEM CAPACITY AND SEER
The methods illustrated here for calculating uncertainty in mixed system capacity and power will produce combined uncertainties larger than the standard propagation of error technique due to the mathematical addition of uncertainties instead of a root-meansquare calculation of uncertainties. All uncertainty calculations assume no statistical correlation between the capacity, power, EER, and SEER. The analysis presented in this section and calculation examples require use of the same confidence level for all linear fits.
C1. A Simplified Calculation of Uncertainty for Q(95) mixed
The technique for calculating the uncertainty in Q(95) and P(95) explained here assumes that the linear fits have a total uncertainty expressed as a percentage. For example, the q(95) for the condenser and evaporator plus p(95) for the condenser equation would be expressed as:
Graphically, the linear fit method intersection of the condensing unit and coil capacity linear fits may be seen below in Figure C1 .
The capacity range indicated in Figure C1 will be the maximum variation in capacity due to the uncertainty in linear fits for the condensing unit and evaporator. This uncertainty will be greater than the uncertainty calculated by a standard propagation of error using summation of variances; therefore, the capacity uncertainty will be a conservative estimate. Likewise, the maximum evaporator exit refrigerant saturation temperature range indicated in Figure C1 will be greater than that determined from a propagation of error method. This large evaporator saturation temperature range propagates to the calculation of power uncertainty as seen in Figure C2 .
The maximum ranges of capacity and power occur along the diagonals of the quadrilateral created by the intersection of the condensing unit and evaporator coil capacity linear fit uncertainty lines. The region within the quadrilateral formed by the intersection of the uncertainty ranges represents all possible evaporator saturated refrigerant temperatures for the given level of uncertainties. The worst case uncertainties for capacity and power (across the diagonals of the quadrilateral) will be considered and used to develop the uncertainty in EER. 
Parallelogram of Possible T evap 's Figure C1 . Uncertainty of mixed system capacity due to linear fit uncertainties Maximum Capacity Uncertainty at this ▲T Maximum Power Uncertainty at this ▲T
Maximum Power Uncertainty Figure C2 . Uncertainty of mixed system condensing unit power due to linear fit uncertainties
The refrigerant saturation temperature range at the evaporator exit for the maximum capacity uncertainty and maximum power uncertainty occurs at the corners of the quadrilateral in Figure C1 ( ) ( )
T evap (q+) is the refrigerant evaporator temperature that occurs at the intersection of the coil and condensing unit's upper uncertainty % line. T evap (q-) occurs at the intersection of the coil and condensing unit's lower uncertainty % line. These two intersections occur at the largest possible cooling capacity range, but these temperatures do not represent the largest possible range in refrigerant evaporator exit saturation temperature. The largest possible range in refrigerant evaporator exit saturation temperature occurs between T evap (p-) and T evap (p+).
The maximum percentage uncertainties in capacity and power may be calculated as follows using the linear fits from the condensing unit or the coil (reference the quadrilateral in Figure C1 ): 
where %U = percent uncertainty in capacity or power.
Now the uncertainty in the rated capacity may be found following the same logic as illustrated above, i.e. the linear addition of uncertainties. If the measured indoor unit fan power or indoor volumetric air flowrate has an uncertainty of ±u % then the uncertainty on the rated cooling capacity is given by the equations below.
and C21 The uncertainty in the mixed system total power is also given below.
C2. Uncertainty Propagation for SEER mixed
The previous section illustrated a simplified linear addition of uncertainties technique for determining the uncertainty in the linear fits. The linear fits for q(95) and p(95) along with fan power are used to calculate the value of EER (95) The uncertainty in the EER is a function of the three quantities q(95), p(95), and P fan,mixed and their respective uncertainties. As an illustration, we will examine a hypothetical system which has an EER of 13.5 and a cooling capacity (Q(95)) of 34 458 Btu/h (10.09 kW).
Therefore q(95) = 36 000 Btu/h p(95) = 2100 W P fan = 452 W. Table C1 shows the calculated EER percentage uncertainty for various percentage uncertainties in the capacity, power, and fan power. The uncertainty in SEER mixed may be calculated as follows: As an illustration, we will examine a hypothetical system which has the following characteristics:
SEER matched = 13 EER(95) matched = 14 EER(95) mixed = 15 F exp = 1.026 from Table 1 and Table 2 going from an A-type matched to C-type mixed system SEER mixed = 14.291. Table C2 shows the percentage uncertainty in SEER mixed for the given uncertainties in the four independent quantities. 
